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Method andApparatus for Making Optical Fiber Preform 

RELATED APPLICATIONS ■ 

This is a Continuation-In-Part application of US 
Patent Application serial No. 09/42 3, 050 filed on November 
1, 1999 now pending* $ - 

H 

BACKGROUND OF THE INVENTION 
Field of the Inventio n 

The present invention relates to a method and 
apparatus for making autoptical fiber preform, which can 
precisely make a homogenous optical fiber preform. 
Related Background Art 

Performed as a method of making an optical fiber 
preform is one in which a- starting mecnber prepared by fusing 
a dummy rod to each of both end portions of a core preform 
comprising a core and a cladding is axially reciprocated 
relative to a burner for synthesizing fine particles of 
glass while being rotated' about its axis, whereby the fine 
particles of glass synthesized by the burner for 
synthesizing fine particles of crlass are sprayed and 
deposited onto the outer periphery af the starting member „ 

A conf igurational example of the apparatus for 
carrying out the above-mentioned method is schematically 
shown in Fig. 7. In this apparatus, a burner 2 is secured 
to a muffle 1, and a starting men.ber 3 is reciprocated 
in the vertical direction, which is its axial direction, 



while being rotated, by /an elevator device 4, A glass 
material such as SiCl^or the like and a burning gas are 

supplied to the burner 2 from a material supply device 

i 

5, and fine particles of glass ( soot part icles ) synthesized 
by the burner 2 are deposited onto the outer periphery 
of the starting member 3, whereby a deposited body of fine 
particles of glass (soot body) 6 is formed. 

In this method, the supply of glass material to the 
burner 2 is stopped at!" each time w> en the position of the 
burner 2 moving relative to the starting member 3 reaches 
the position of junction between the core preform and each 
dummy rod from the core preform posi :ion . Then, the burner 
2 is further relatively moved toward the dummy rod, so 
as to heat an end portion of the soot body, which is formed 
on the outer side of the junction and whose outside diameter 
is tapered down toward 1 the outer side. Alternatively, 
auxiliary burners dedicated to heating the glass preform 
may be disposed on the* upper and lo^er sides (in the axial 
direction of the glass preform) of the glass synthesizing 
burner to which the glass material is supplied, so that 
the relative moving, directions (if the burners to the 
starting member are reversed at the time when the glass 
synthesizing burneff reaches the position of junction 
between the core prefbrm and each dummy rod, thus allowing 
the auxiliary burners to heat the end portions of the soot 
body. 



Though the foregoing explanations relate to the case 
where a single burner is used as the glass synthesizing 
burner, Japanese Patent Applicat:. on Laid-Open No, Sho 
63-310745 discloses a technique using a plurality of glass 
synthesizing burners . This techni yie aims at eliminating 
the unevenness in soot'bpdy density at the soot body end 
portions caused by the- .interference of a plurality of 
burners when the relative moving directions of the soot 
body to the burners are reversed, so as to mass-produce 
a high-quality fiber preform without glass fractures by 
using the plurality of burners, without stopping the supply 
of glass materials even at the end portions of the soot 
body- In this technique, two mar.cing points are set on 
the starting member beforehand, and the glass material 
supply to burners positioned outside both of the marking 
points is stopped, so^as to yield affects similar to the 
above-mentioned case. with a single burner, 
SUMMARY OF THE INVENTION 1 

Fig- 8 show^ the form of thus cormed soot body, i.e,, 
optical fiber 'preform. Marking points (material supply 
stop points in the case of stopping the glass material 
supply to glass synthesizing burners, or relative movement 
direction reversing positions for glass synthesizing 
burners in the case using auxiliary burners) 11 and 12 
coincide with respective junctions 8 between the core 
preform 9 and dummy rods 10 of a starting member 3. In 
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the case where the outside diameter of the soot body is 
small, its outer periphery is fcrmed as indicated by 
reference numeral 17, /Whereas the Length of the constant 
outside diameter portion, which i$ the length of the 
5 effective portion of thesoot body from which a consolidated 

body having a predetermined outside diameter is obtained 
when the soot body is made transparent, substantially 
approximates the whole length of the core preform 9 as 
indicated by ai in the* drawing. A.s the outside diameter 
10 of the soot body increases, however, its outer periphery 

is formed as indicated by reference numeral 18, whereby 
the length of its constant outsice diameter portion is 
shortened as indicated by a 2 in the drawing. 

It is due to the fact that, soot particles are not 
15 uniformly deposited in the axial direction near the 

material supply stop points, whereby inconstant portions 
in which the outside diameter of the formed soot body tapers 
down toward the end pbrtions are formed. In these 
inconstant portions, unlike the constant portion, since 
20 the outer peripheral surface of tie formed soot body is 

inclined with respect tp burners, the amount of deposition 
of soot particles is smaller in th*s part having a smaller 
outside diameter than in the part having a larger outside 
diameter, and these inconstant portions expand as the soot 
25 particles are deposited. As a result, the end portions 

of the core preform would not be utilized effectively, 
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which causes its cost to rise. 

For preventing tl^e core preiorm from being wasted 
due to shortening of the -length of the constant outside 
diameter portion as the:|>u*tside diameter of the soot body 
5 increases, it will be enough if the above-mentionedmarking 

points are set to positions sufficiently separated toward 
the dummy rods from the junctions between the core preform 
and the respective dummy rods. This case, however, is 
not economical since the time for forming the soot body 
10 becomes longer, thus increasing the loss in glass material . 

If the target outside diameter of the soot body is 
always the same, it will be only r.ecessary to determine 
eachmarkingpoint onca empirically anduse thus determined 
marking point thereafter. However, there are 

15 fluctuations in the ratio betweer the outside diameter 

of the core preform and the core diameter and in the diameter 
of the elongated core preform, so that the target outside 
diameter of the soot body would differ among core preforms * 
Therefore, it has not. been poss:.ble to use empirical 
20 material supply stop positions. 

In view of. such circumstances of the prior art, it 
is an object of the present invention to provide a method 
and apparatus for making an optic.il fiber preform which 
can yield a soot body formed with a constant outside diameter 
25 portion having a uniform quality over the whole length 

of the core preform with aminimized loss in glass material * 
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The inventors have diligently studied the 
relationship between the outside diameter of the soot body 
and the whole length' of the constant outside diameter 
portion. Namely, with the marking points 11, 12 being 
5 made to coincide with the respective junctions 8 as shown 

in Fig- 8, soot bodies -with various soot outside diameters 

i 

were prepared, thus obtained soot bodies were heated in 
a high-temperature furnace so as to be made transparent, 
then characteristics of the fibei obtained as a result 

10 of fiber-forming in a. drawing furnace were studied, and 

the boundary points between a part in the center portion 
where the characteristics wer => stable (the part 
corresponding to the constant outside diameter portion 
in the soot body) and portions at both ends where 

15 characteristics were imstable (the portions corresponding 

to the inconstant outside diameter portions of the soot 
body) were investigated, - so as to ietermine the distance 
between each end of the'constant outside diameter portion 
and the respective markinglpoints . Thus obtained results 

20 are summarized in Fig. 9 as a correlation diagram. 

As shown in Fig.; 9, the distance increases as the 
outside diameter of the - soot body is greater, and is 
substantially proportional to the square of outside 
diameter. Consequently,, if each marking point is shifted 

25 beforehand toward the dummy rod fr^m the junction by this 

distance, then the constant outside diameter portion and 
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the core preform will completely co;.ncide with each other . 
The inventors have fouij^ from Fig. 9 that, letting the 
outside diameter of the'soot body be d [mm], the amount 
of shift is 0.0023 * la 2 [mm]. Alco, the inventors have 
5 found that it is not always necessary for the boundaries 

between the constant outside diameter portion and the 
inconstant portions to coincide wi1 h both ends of the core 
preform, and that it is, practical ly sufficient even if 
the amount of shift deviates by atout ±35% from that in 

10 the case where they coincide with each other. Namely, 

the inventors have found that the Length of the constant 
outside diameter portion becoites a necessary and 
sufficient length when a glass material is supplied to 
a glass synthesizing burner so as to deposit soot particles 

15 while the glass synthesizing burr er is located between 

the marking positions which as shifted by the amount of 
A X d z [mm] (where 0.0015 < A < C.0030) . That is, the 
material supply stop points can immediately be obtained 
if the target outside diameter of the soot body is determined 

20 according to a core preform, whereby the constant outside 

diameter portion can stably be for Tied over substantially 
the whole length of the core preform regardless of 
fluctuations in core preforms- 

The present invention is bas ad on this finding, and 

25 provides a method of making an optical fiber preform 

comprising the steps of preparing a starting member by 
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fusing a dummy rod to each of both end portions of a core 
preform comprising a corfe and a cladding; and spraying 
and depositing fine particles of glass synthesizedby glass 
synthesizing burner (s) onto the cuter periphery of the 
5 starting member so as to ,form a soot body while axially 

reciprocating the starting membei relative to one or a 
plurality of glass synthesizing turners while rotating 
the starting member about its axis ; therein a marking point 
is set at a position separated fiom a junction between 

10 the core preform and each dummy rod by A X d z [mm] (where 

0.0015 < A < 0,0030) toward the dummy rod, such that the 
reciprocating is effsicted by reversing the direction of 
a relative movement of the starting member and the one 
or a plurality of glass synthesizing burners at each time 

15 when all of the glass synthesizingbi rners reach the marking 

point or beyond toward an end of thn starting member, each 
of the glass synthesizing burners being constantly 
supplied with a glass: material wh 3n located between the 
marking points . >: ^ , 

20 If a marking point is set a : a position separated 

from the junction between the core preform and a dummy 
rod by 0,0015 X d 2 [mm] or less, thon the constant outside 
diameter portion will become shorter than the whole length 
of the core preform, whereby an eid portion of the core 

25 preform cannot be used effectively as an optical fiber 

preform. 
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If a marking point is set at a position separated 
from the junction between £he core preform and a dummy 
rod by 0.0 030 X d 2 [mm$; or more, oa the other hand, then 
the constant outside diameter portion will become longer 
5 than the whole length of the core preform, whereby the 

core preform as a whole can be used effectively as the 
optical fiber preform. -Neverthele ss, it is not preferable 
in that the constant outside diameter portion extends to 
a dummy rod portion, thereby wasting the glass material. 

10 When a soot body is formed wit h marking points being 

restricted to the above-mentionec range, substantially 
the whole core preform can effectively be utilized as the 
optical fiber preform without wasting the glass material „ 
Similar effects can also be obtained when the reciprocating 

15 directions are reversed at the marking point portions while 

the glass material is kept being supplied to the glass 
synthesizing burners without being stopped at the marking 
point portions. * 

On the other hand, the apparat is for making an optical 

20 fiber preform in .accordance with the present invention 

comprises: (1) a holder ^member for holding at least one 
end of a starting member; -(2) one c r a plurality of glass 
synthesizing burners for spraying soot particles toward 
the starting member; . (3) a material supply device for 

25 supplying a glass material to eachof the glass synthesizing 

burners; (4) a moving device for axially reciprocating 
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the starting member relative to the glass synthesizing 
burner while axially ..-rotating the starting member; (5) 
an input device for inputting a target outside diameter 
value d of a soot body to be formed or a characteristic 

5 valuenecessary for a calculation thereof ; and (6) a control 

* ' *> ■ 

device for setting the above-mentioned marking point from 
the inputted target outside diame ter value of the soot 
body or from the target outside dianeter value of the soot 
body determined from the inputted characteristic value, 
ID controlling the moving device so as to reverse the relative 

movement direction of the moving device and effect axial 
reciprocating when all the glass synthesizing burners 
reach the marking points or the starting member end portion 
side thereof, and controlling the naterial supply device 
15 so as to constantly supply- the glass material to each glass 

synthesizing burner when the latter is located between 
the marking points, ~ . 

Though the number of glass synthesizing burners 
employed can appropriately be dete rmined depending on the 
20 dimensions of the aimed .product and the like; when a 

plurality of such burners are used, the number thereof 
is preferably 3 or 4 in view of the form of the apparatus, 
efficiency thereof, and "the like. Also, for maintaining 
a stable flame state, it is preferred that the supply of 
25 glass material to the glass synthesizing burner be 

gradually increased and gradually decreased over a time 
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of about several to 10 seconds without being stopped and 
resumed instantaneously^ 

The present invention will hv more fully understood 
from the detailed description giv.m hereinbelow and the 
accompanying drawings^ which are given by way of 
illustration only and are not to be considered as limiting 
the present invention. 

Further scope of applicability of the present 
invention will become apparent from the detailed 
description given hereinafter, iowever, it should be 
understood that the detailed description and specific 
examples, while indicating preferred embodiments of the 
invention, are given by way of illustration only, since 
various changes and modifications within the spirit and 
scope of the invention will be apparent to those skilled 
in the art from this detailed description. 

BRIEF DESCRIPTION OF ,TtiE DRAWINGS 

Fig. 1 is a ^schematic vi showing the basic 

configuration of an apparatus for naking an optical fiber 

preform in accordance with the present invention; 

Fig. 2 is a schematic vertical sectional view of 

a starting member used for preparing an optical fiber 

preform in the apparatus of Fig. 1; 

Fig. 3 is a view schematically showing the state 

of a soot body being formed and the .burner in the apparatus 

of Fig. 1; 



Fig. 4 is a graph showing the supply flow rate of 
glass material to a burner with rospect to the relative 
position of the burnei' to the starting member; 

Figs. 5 and 6 are views showing other burner 
configurations of the apparatus for making an optical fiber 
preform in accordance., with th«s present invention, 
respectively; 

Fig. 7 is a view schematically showing the 
configuration of a conventional apparatus for making an 
optical fiber preform;. 

Fig. 3 is a schematic view showing the structure 
of a soot body made of a conventional optical fiber preform; 
and 

Fig. 9 is a correlation diagi am between the outside 
diameter of the soot body and the anount of deviation from 
both ends of the constant outside diameter portion to 
marking points in the case where marking point positions 
and junctions are made to coincide with each other. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the following,, ' preferred embodiments of the 
present invention will be explained in detail with 
reference to the accompanying drawings. To facilitate 
the comprehension of the explanation, the same reference 
numerals denote the same parts, where possible, throughout 
the drawings, and a repeated explanation will be omitted. 

Fig. 1 is a schematic view showing the basic 

12 
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configuration of an apparatus for making an optical fiber 
preform in accordance^with the present invention. Fig. 
2 is a schematic vertical sectior al view of a starting 
member 3 used for preparing an optical fiber preform in 
5 the apparatus of Fig.il. 

T k e starting member 3 used f o.r preparing the optical 
fiber preform is fabricated, as shewn in Fig. 2, by fusing 
a dummy rod 10 to each of both ends of a core preform 9 
constituted by a core 9a .and a d. adding 9b. 
10 In the manufacturing apparatus 30, as shown in Fig. 

1, a holder member 7 for holding the starting member 3 
at a dummy rod portion 10 and a glass synthesizing burner 

2 for spraying soot particles onto the starting member 

3 are disposed within a muffle 1, whereas the starting 
15 member 3 is rotated about its center axis at the same time 

when the holder member 7, while holding the starting member 
3, is reciprocated by an elevatoi device 4, which is a 
moving device, in the' vertical direction of the drawing, 
i.e., in the axial direction of the starting member 3. 

20 A material supply device 5 is connected to the burner 2, 

whereas a pipe 23 for supplying a glass material such as 
SiCl 4 or the like and a pipe 24 for supplying a fuel gas 
for combustion are connected to the material supply device 
5. The reciprocation of the elevator device 4 and the 

25 supply of glass material' and fuel gas are controlled by 

a control device 20. Connected tc the control device 20 
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is an input device 21 for inputting control parameters. 

Next, the method of making ar optical fiber preform 
in accordance with the present invention carried out by 
the apparatus 30 wilj. he explained. After the starting 
S member 3 is held within the muffle 1 by the holder member 

7 r parameters concerning the starti igmembor 3 are inputted 
by the input device 21 , As a matter c f course, theparameter 
input and the fixation- of the starting member 3 can be 
effected in the reverse order thereto. These parameters 

10 include the ratio between the outside diameter of the core 

preform 9 and the core diameter, the diameter of the 
elongated core preform/'" and the like. Based on these 
parameters, the control device 2 3 calculates a target 
outside diameter d [mm] of a soot body to be formed, 

15 According to thus calculated targot outside diameter d, 

the positions of marking points LI, 12 which act as a 
reference for the spraying area Df soot particles are 
determined. The distance Aa from *ach junction 8 between 
the core preform 9 and the respect. .ve dummy rod 10 to the 

20 respective marking point 11, 12 is set to fall within the 

range of O.OOlSd 2 < Aa < 0,0030d 2 . Separately therefrom, 
the control device 20 sets turnirg points 15, 16 which 
act as a reference for positions at which the moving 
direction of reciprocation of the elevator device 4 is 

25 reversed. The distance Ab from each junction 8 between 

the core preform 9 and the respective dummy rod 10 to the 

■ * 14 
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respective turning point 15, 16 : s Ab ^ Aa, here. The 
case where Ab is sufficiently greater than Aa will be 
explained in the following, 

The elevator device 4 is coitrolled such that the 
5 starting member 3 is reciprocated .n the axial direction, 

i.e./ in the vertical direction of the drawing, while being 
rotated about its axis* Here, ..n the case where the 
starting member 3 is moving downward, the moving direction 
of the elevator device 4 is reversed at the time when the 

10 turning point 15 located on the upper side in the drawing 

reaches the position of the burner 2, i.e., the same level 
as the burner 2, so as to be switched to the upward movement - 
Then, at the time whan the turning point 16 located .on 
the lower side in the drawing readies the position of the 

15 burner 2, the moving direction of the elevator device 4 

is reversed so as to be switched to the downward movement- 
As these operations are .repeated, the starting member 3 
can be reciprocated with respect to the burner 2 between 
the turning points 15, 16 A. In this state, a glass material 

20 gas and the burning gas are supplied to the burner 2, so 

as to synthesize soot: particles, which are then sprayed 

and deposited onto the outer periphery of the starting 

* 

member 3. At this time,, 'the glass materials are supplied 
to the burner 2 only wh£n the latter is located between 
25 the marking points 11 and 12, so as to restrict the spraying 

area of soot particles. 
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This material supply control will be explained with 
reference to Figs . 3 and 4 • Fig. 3 Is a view schematically 

i 

showing the state of the soot body 9 being formed and the 
burner 2, whereas Fig. .£4 is a gr<.ph showing the supply 
5 flow rate of glass material to the burner 2 with respect 

to the relative position of the burner 2 to the starting 
member 3. At the time when the turner 2 (hereinafter, 
the position of the burner is repre sented by the position 
of its center) is located at the position indicated by 

10 A in Fig. 3, the glass material is not supplied thereto, 

and the burner 2 heats bhe soot body 3 formed on the starting 
member 3. For stabilizing the f J ame, as shown in Fig. 
4, the supply flow rate of glass material is gradually 
increased from the time when the burner 2 approaches the 

15 marking point 11 from the point ]3, so that it reaches 

a predetermined supply flow rate x at the position of the 
marking point II, and the soot particles are sprayed onto 
the surface of the soct body 9. With the supply flow rate 
of glass material being kept constant as it is, the spraying 

20 of soot particles is continued (vhile corresponding to 

the positions indicated by B, C, and D in Fig. 3), and 
the supply flow rate of glass naterial is gradually 
decreased from the time when the burner 2 has reached the 
position of the marking point 12. And the gas material 

25 supply stops when the burner 2 has reached the point 14. 

The burner 2 keeps heating the scot body 9 alone until 
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it reaches the turning point 16 (while corresponding to 
the position indicated by E in Fig- 3) . As these operations 
are repeated, the soot body 9 is f orir ed while being centered 
between the marking pointy 11 and 12 of the starting member . 

When the outside diameter cf the soot body 9 has 
reached the predetermined outside diameter d, the supply 
of the fuel gas and glass material to the burner 2 is stopped, 
the operation of the elevator dev:.ce 4 is stopped at the 
same time, and the smarting member 3 is taken out from 
the holding member 7. Thus, the st arting member 3 formed 
with the soot body 9 becomes an optical fiber preform. 

The constant outside diameter portion of thus formed 
soot body 9 substantially coincides with the whole length 
of the core preform 9. Since tie inconstant outside 
diameter portions formed on both s ides can be kept small, 
the whole core preform t 9 can effect ively be utilized, and 
the usage of glass material can be minimized. 

In the following, some of otaer embodiments of the 
apparatus formaking an optical fibe r preform in accordance 
with the present invention will be explained- Figs* 5 
and 6 are conf igura.tional views showing burners in 
accordance with different embodiments, respectively. 
Configurations other than the burner 2 and material supply 
device 5 are omitted since they ere identical to those 
in the embodiment of Fig* 1. 

In the above description we e> plained the embodiment 

17 
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having only one burner r but the embodiment may have multiple 
burners. When using multiple buners, gas supplying to 
each burner may be Controlled as above manner , 

Though the embodiment shown in Fig. 1 has only one 
5 burner 2, auxiliary burners 2b lf *h z are provided on the 

upper and lower sides of a glass s/nthesizing burner 2a, 
i.e*, on the respective end portion sides as viewed from 
the starting member 3 in the embodiment shown in Fig. 5. 
The glass material supply pipe 2 3 is not connected to 
10 respective fuel supply devices 5b , 5b 2 to the auxiliary 

burners 2h lf 2b 2 , whereby the auxiliary burners 2bi, 2b 5 
only heat the soot body without spraying soot particle. 
When making an optical , fiber preform by this embodiment, 
with the turning points 15, 16 being made to coincide with 
15 the marking points 11, 12/ respectively, the supply flow 

rate of glass material to the burner 2a may be kept constant . 

The embodiment shown in Fig . 6 differs from that 
shown in Fig. 1 in that a plurality of glass synthesizing 
burners 2 2 to 2 3 (three in the drawing) are provided instead 
20 of one. In the case where an optical fiber preform is 

to be made by this embodiment, tie moving direction of 
the starting member 3 is reversec. at the time when the 
lower marking point 12 of the upwardly moving starting 
member 3 reaches the position of the burner 2i, so as to 
25 be switched to the downward. movement; whereas, at the time 

when the upper marking point 11 roaches the position of 
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the burner 2 3/ the moving direction of the starting member 
3 is reversed so as to be switched to the upward movement. 
Repeating these operations yields effects similar to those 
of the embodiment of Fig, 1 with a single glass synthesizing 
5 burner. 

Though the foregoing explanations relate to 
embodiments in which the starting member 3 is reciprocated 
up and down, the burner 2 may be reciprocated in the axial 
directionof the startingmember 3 wl ile the startingmember 

10 3 is kept stationary. Also, both of them may be moved. 

The embodiment shown in Fig, 5 may also be configured such 
that, with each of the starting member 3 and the auxiliary 
burners 2bi, 2b 2 being fixed to the outside of the marking 
points, the glass synthesizing burner is moved alone. 

15 The inventors carried out comparative tests for 

confirming effects that the whole length of a core preform 
can effectively be utilized as an optical fiber preform 
by the apparatus and method in accordance with the present 
invention, and their results wil L be explained in the 

20 following. 

(Example 1) 

Dummy rods made of silica glass were fused to both 
sides of a core preform having a diameter of 20 mm and 
a length of 500 mm, so as to prepare a starting member, 
25 which was then set to the apparatus of the embodiment shown 

in Fig, 1, whereby a soot body was prepared. The rotational 
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frequency of the starting member was set to 40 rpm, and 

the moving speed of its, upward and downward movements was 

•f. 

set to 100 mm/s. The target outride diameter d of the 
soot body obtained from the ratio between the outside 
5 diameter of the core preform and the core diameter and 

from the diameter of the elongated core preform was 150 
mm. As the burner 2, one with a concentric octuplex tube 
structure was used and was disposed perpendicular to the 
center axis of the starting member * As the glass material, 
10 SiCl* was used, and its supply fbw rate was changed as 

shown in Fig. 4 . The supply flow ra :e x within the spraying 
area was set to 3 slm (standard liturs/min) - On the other 
hand, 60 slm of hydrogen and 45 sin of oxygen for forming 
a flame and 4 slm of argon as a seal gas were constantly 
15 supplied. 

The marking points 11, 12 were set at positions where 
Aa = 52 mm (= 0.0023 X d 2 ) r . Also, the turning points 15, 
16 were set at positions where (Ab - Aa) = 200 mm- 

The forming of the soot body wa$ terminated at the 
20 time when it reached the target outside diameter d (= 150 

mm) , and the soot body was taken out from the apparatus 
and then was heated in a high-temperature furnace so as 
to become transparent, thus yielding a consolidated body 
having an outside diameter of 82 mm. Cracks, protrusions, 
25 foreign matters, and the like were not seen on the surface 

and in the inside of thus obtained consolidated body, 
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whereby its good quality was confirmed. Further, this 
consolidated body was formed into a fiber with an drawing 
furnace, and fiber characteristics of thus obtained fiber 
such as cutoff wavelength/ MFD (mode-field diameter) and 
5 the like were investigated, whereby it was confirmed that 

the fiber had favorable characteristics over the whole 
length of the core preform. 
(Example 2) 

Using a starting member havir.g conditions identical 

10 to those of Example 1, the apparatus of the embodiment 

with the burners shown in Fig. 5 was employed to form a 
soot body. The glass synthesizing burner 2a had the 
structure and gas supply conditions identical to those 
of the burner used in Example 1, and the distance from 

15 the glass synthesizing* burner 2a to each of the auxiliary 

burners 2bi, 2b 2 with a concentric duplex tube structure 
in the axial direction : of the sta rting member 3 was set 
to 200 mm* For forming a. flame/ 10 slm of oxygen and 30 
slm of hydrogen were constantly supplied to each of the 

20 auxiliary burners 2bi, 2b 2 * The mai king points 11 , 12 were 

set to positions where Aa = 52 mm (= 0.0023 X d 2 ) as with 
Example 1, whereas the turning pcints 15, 16 were made 
to coincide with the marking points 11, 12. Namely, the 
glass material was continuously supplied to the glass 

25 synthesizing burner 2a. The other conditions were 

identical to those in Example 1. 
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The forming of the soot body was terminated at the 
time when it reached the target oucside diameter d {= 150 
mm), and the soot body was taken :>ut from the apparatus 
and then was heated in "a high-tem?erature furnace so as 
5 to become transparent, whereby a favorable consolidated 

body was obtained as in Example 1. Further, this 
consolidated body was formed into a fiber with a drawing 
furnace, and fiber characteristics of thus obtained fiber 
were investigated/ whereby it was csnf irmed that the fiber 
10 had favorable characteristics ove>r the whole length of 

the core preform, 
(Example 3) 

Dummy rods made of silica glass were fused to both 
sides of a core preform having a diameter of 30 mm and 

15 a length of 500 mm, so as to prepare a starting member, 

which was then set to the apparatus having the burner 
configuration shown in Fig- 6, wl* ereby a soot body was 
prepared* The rotational frequenc/of the start ing member 
and its upward and downward movinq speed were identical 

20 to those in Example 1. The target outside diameter d of 

the soot body obtained from the ratio between the outside 
diameter of the core preform and the core diameter and 
from the diameter of the elongated core was 220 mm* As 
the burners 2 X to 2 3 , those of a concentric octuplex tube 

25 structure were used and disposed perpendicular to the 

center axis of the starting member at intervals of 200 
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ram. As the glass material, SiCl* was used, and its supply 
flow rate was changed as shown in Fig. 4. The supply flow 
rate x within the sprayirig area was set to 3 slm (standard 
liters/min) . On the other hand, 100 slm of hydrogen and 
60 slm of oxygen for forming a flame and 4 slm of argon 
as a seal gas were constantly supplied. 

The marking points 11, 12 were set at positions where 
Aa 2=1 111 mm (~ 0.0023 X d 2 ) * Also, the turning points 
15, 16 were set at positions wheie (Ab - Aa) = 511 mm. 
Namely, at the time when the burrer positioned closest 
to the center of the starting member among the three burners 
reached each marking point position, a reversal was 
effected. 

The forming of the soot body was terminated at the 

i 

time when it reached the target outside diameter d (= 220 
mm) , and the soot body was taken out from the apparatus 
and then was heated in a high-temperature furnace so as 
to become transparent, whereby a favorable consolidated 
body having an outside diameter o? 115 mm was obtained. 
Further, this consolidated body wis formed into a fiber 
with an drawing furnace, and fiber characteristics of thus 
obtained fiber were investigated, whereby it was confirmed 
that the fiber had favorable characteristics over the whole 
length of the core preform. 

(Comparative Example 1) 

A soot body having an outside diameter of 150 mm 
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was prepared under the totally identical conditions with 
Example 1 except that the positions of marking points 11, 
12 were set to their respective junctions 8 (Aa - 0 mm) * 
Thus obtained soot body was heated in a high- temperature 
5 furnace so as to become transparent, whereby a favorable 

consolidated body having an outside diameter of 81 mm was 
obtained. This consolidated body ^as formed into a fiber 
with an drawing furnace, and fiber characteristics of thus 
obtained fiber were investigated, whereby it was found 
10 that fiber characteristics such as cutof f wavelength, MFD, 

and the like deviated from their target values within the 
areas extending 49 mm and 48 mm f::om the respective end 
sides of the core preform, with the characteristics 
deteriorating more toward both ends. 
15 (Comparative Example 2) 

A soot body having an outside diameter of 220 mm 
was prepared under the totally ideitical conditions with 
Example 3 except that the marking points 11, 12 were set 
topositions where Aa- 50mm (=0*0010 X d 2 ) . Identically, 
20 a reversal was effected at the time when the burner 

positioned closest to the center of the starting member 
among the three burner 5 reached each marking point position . 
Thus obtained soot body was heated in a high-temperature 
furnace so as to become transparent, whereby a favorable 
25 consolidated body having an outside diameter of 116 mm 

was obtained. This consolidated tody was formed into a 
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fiber with an drawing furnace, anc fiber characteristics 
of thus obtained fiber were invest igated, whereby it was 
found that fiber characteristics sm ch as cutoff wavelength, 
MFD, and the like deviated from their target values within 
5 the areas extending 48 mm each fron both end sides of the 

core preform, with the characterist ics deteriorating more 
toward both ends . 

From these results, it has been confirmed that the 
method of making an optical fiber preform in accordance 

10 with the present invention has effects that an optical 

fiber preform for producing a fiber which yields favorable 
fiber characteristics substantially over the whole length 
of a core preform can be obtainec * 

From the invention thus desert bed, it will be obvious 

15 that the invention may be varied in many ways. Such 

variations are not to be regarded as a departure from the 
spirit and scope of the invertion, and all such 
modifications as would be obvious to one skilled in the 
art are intended for inclusion wi ;hin the scope of the 

20 following claims. 
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